Aim. To screen mobile genetic elements (MGE) in the bacterium which caused decay of field-grown onion
Introduction. Onion bulb decay is caused by several opportunistic and pathogenic bacteria as Pseudomonas allicola, Burkholderia cepacia, S. marcescens [1, 2] . S. marcescens is a gram-negative bacillus commonly isolated from the environment (soil, water, plants, insects) [3] . The cosmopolitan bacterium S. marcescens is represented as red-pigmented or nonpigmented strains, and it is known as a bacterium which exhibits either saprophytic or pathogenic characteristics. Plant growth promotion is a traditional attribute of S. marcescens [4] which also known as a plant endophyte [3] . S. marcescens induces systemic resistance in Arabidopsis plants against Cucumber mosaic virus [5] and abiotic stressors [6] .
On the other hand, S. marcescens is etiological agent of white pox in elkhorn coral [7] , the bugtransmitted cucurbit and yellow vine disease [8] . Disease-associated S. marcescens strains are significantly different from those of nonphytopathogenic strains [2] .
S. marcescens is also known as an opportunistic pathogen which is responsible for an increasing number of serious nosocomial infections and colonization of hospital wards [9] . Antibiotic resistance in S. marcescens is coded by genes which often located in plasmids and integrons [10] . The purpose of this study was to characterize mobile genetic elements of a causative agent of onion decay isolated in South of Ukraine.
Materials and methods. Isolation of bacteria. The isolate ²ÌBG291 is generated from the onion bulbs (Allium cepa L.), showing apparent symptoms of disease. Onion bulbs were gathered in Kherson region (Ukraine) in summer of 2007. Decaying leaf bases were minced at aseptic conditions, diluted with 0.9 % NaCl solution, spread on a surface on LB and M9 [11] agar plates and incubated at 28, 37 and 42 °C 24 h.
Bacterial strains and culturing bacteria. The strains of S. marcescens from other econiches were obtained from Institute of Infectious Diseases (Kyiv) and Taras Shevchenko Kyiv National University (U82 and KGU, respectively) and used in experiments as reference. Escherichia coli DHÂ10 was used as recipient of recombinant plasmids in cloning procedures. LB and M9 [11] agar plates were used for bacteria incubation. Antibiotics were added to LB agar when appropriate (mg/ml): ampicillin -50; tetracycline -30; streptomycin -100; chloramphenicol -50, rifampicin -100, kanamycin -100.
Re-inoculation of onions by isolates. Onion seeds and bulbs of cvs Dencity, Chalcedon, Tamara, Volodymyr, Sterling provided by R&D Selection Station Agrosvit (Nova Kakhovka, Kherson region). In pathogenicity tests, inoculations of inner slices from symptomless bulbs with a bacterial suspension of log 6 or with a sterile 0.9 % NaCl solution were performed at room temperature. Necrosis of plant tissue was registered after 24, 48 and 72 h. The characterized onion-derived isolate ²ÌBG291 was introduced into greenhousegrown onion plants by bulb inoculation. The suspension of log 6 CFU/ml was used for dipping bulbs for few seconds.
Bacterization of Arabidopsis thaliana L. Heyhn Col-0 (Cold Spring Harbor, USA), onion, and lettuce (Lactuca sativa) (National Botanical Garden NAS of Ukraine) with the isolate was performed by a spray of vegetation with the suspension of log 6 CFU/ml.
Total bacterial DNA was isolated from 1.5 ml overnight culture according to protocol recommended by MoBio Laboratories, Inc. (USA).
Plasmid bacterial DNA was isolated from 1.5 ml overnight culture as recommended by [12] .
PCR development. Primers a79F and a79R [13] , and primers YV1 and YV4, which were designed from the 16S rRNA gene region of the S. marcescens genome [14] , pA and pH described by [10] were used in a PCR. Bacteria grown in broth were washed once with 0.5 M NaCl, re-suspended in distilled water, and 1 ml suspension was used as a template. A PCR performed with the T-Cy PCR System (CreaCon Technologies, The Netherlands) was carried out in a 25-ml volume including 5 ml of 5 ´ buffer, 0.5 mM of deoxynucleoside triphosphate (dNTP), 0.1 mM of each primer and 2 U of Taq DNA polymerase. PCR conditions were as follows: 1 initial denaturation cycle at 95 °C for 5 min, followed by 34 cycles of 94 °C for 40 s, 60 °C for 1 min, 72 °C for 1 min 30 s, and 1 final extension cycle of 72 °C for 7 min.
DNA sequencing and analysis were done as described earlier [15] .
Total DNA isolation from onion and its analysis. Total DNA isolation from inner healthy or decayed onion bulb leaves was performed aseptically with UltraClean TM Plant DNA isolation kit (MoBio Laboratories, Inc.). Isolated DNA was subjected to a specific PCR (primers YV1 and YV4) and 16S-PCR/TRFLP analyses.
Terminally-labeled Restriction Fragment Length Polymorphism (TRFLP) analysis of onion bulb tissue endophytic populations was performed by a method described earlier [16] .
Detection of integrons and gene cassettes in pure cultures of serratia with primers to conserved sequences used were HS298 and HS286 (these primers target intI and the attC), HS287 and HS286 (target a 59-be) [17, 18] , CS (target the flanking regions of 59-be sites) [19] , qacED1-F,R (qacED1) and sul1F,R (bla IMP and 3'-CS) [20] . Reaction mixes consisted of approximately 1
Fl of culture, 100 pmol of each primer, 200 nM dNTP mix, 2 mM MgCl 2 , and 1 U of Taq DNA-polymerase («Fermentas», Lithuania) in the reaction buffer supplied with the enzyme. PCR was carried out by standard techniques with the cycling program [17, 18] .
Nucleotide sequence accession number. The 16S rRNA gene sequence was deposited in GenBank (NCBI, USA), and given accession number was FJ263679.
Results. Isolation and identification of onion-derived pathogens.
The isolate ²ÌBG291 originates from internal decaying leaf bases of naturally infected onion bulbs, however, it was not isolated from seeds and symptomless bulb tissue. The isolate was pathogenic to onion (cv. Density) bulb tissue in re-inoculation experiments at 28 and 40 °C, and a level of bacteria aggressiveness was higher at the elevated temperature. After numerous passages, pathogenicity potencial of the ³so-late was not exhausted. The onion-derived isolate culture, introduced into aseptically grown Arabidopsis plants, in greenhouse-grown onion and lettuce plants by leaves and bulb inoculation, did not show signs of infection. The onion bulbs inoculation, seed bacterization of Arabidopsis, onion, and lettuce with the isolate significantly enhanced plant biomass (data not shown).
The isolate exhibited multiple antibiotics resistance, and apparently the determinants encoding these resistances were located on the bacterial chromosome because no plasmid DNA had been detected. PCR was carried out to demonstrate relatedness of the isolate IMBG291 to pathogenic or non-pathogenic Serratia. Using species-specific primers YV1 and YV4, a 409-bp amplicon was derived from S. marcescens strains, used as reference, and the onion isolate. No fragments were amplified from non-S. marcescens strain E. coli DH5a (data not shown). Primers designed by [13] based on one Z01-A-specific sequence, A79, were used in a PCR to discriminate between S. marcescens strains caused cucurbit yellow vine disease and the isolate IMBG291.
No PCR products were generated in the experiment that showed no specific sequence similarities between two specific pathogens.
Comparison of a specific sequence of the rrs gene with sequences deposited to GenBank and RDPII suggested that the IMBG291 isolate belong to the Serratia genus, having the highest homology to S. marcescens (99 %). The isolate revealed also a high homology of the rrs gene of S. nematodiphila (98 %). The Institute collection N 291 has been given to the isolate. When a phylogenetic tree was constructed from the type strains of the Serratia genus (Fig. 1) , the isolate IMBG291 formed a cluster with S. marcescens EU339294.1 and S. nematodiphilia EU036987.1.
Determination of Serratia-related rDNA in total onion DNA isolated from healthy and decayed inner tissues. The objective was to detect S. marcescens DNA within a pool of total DNA isolated from healthy onion samples because of putative unculturability of the bacterium, happened with bacteria in a plant tissue. DNA isolated from six onion cultivars (bulb petals, seeds) were subjected to TRFLP, as well as DNA isolated from decayed onion and DNA isolated from S. marcescens IMBG291 overnight culture. Previous in silico analysis of the virtual rrs fragment of a 507-1384 bp of S. marcescens IMBG291 (FJ263679, GenBank) showed that the endonuclease TaqI produced terminal restriction fragment of 318 bp. We have not detected S. marcescens rDNA in total DNA isolated from healthy onion samples with a specific PCR or 16S [7] and aligned by using ClustalW [40] and Mega 4 [18] rRNA-PCR/ TRFLP (Fig. 2, A) . Analysis revealed a significant increase a specific bacterial rDNA TRFpeak of nearly 318 bp within total DNA isolated from infected onion in response to addition of the S. marcescens specific TRF (Fig. 2, B) .
Detection of mobile genetic elements in initial onion isolates, isolate cultured on agar within a long time, and in re-isolate. The apparent lack of plasmids in S. marcescens IMBG291 strain suggested that the genes encoding antibiotics resistance were located on the chromosome and may be acquired by mobile genetic elements transfer. Integron PCR experiments targeted the intI and the proximal gene of cassettes identified a fragment of putative integron class 1 (Fig. 3) . This is the first report of detecting integron sequences in the phytopathogenic serratia. The variable region of the integron was determined to be 2600 bp by PCR with primers specific for the variable region between the 5'-CS conserved sequence and the 3'-CS (Fig. 3) . The class 1 integron sequences were approved with specifically amplified qacED1 and sul1 genes.
To identify the gene cassettes harbored in this integron, PCR amplicons were cloned into the vector pJET1/blunt and sequenced. Sequencing a 550 and a 650 PCR products confirmed that these included a 59-be sequence and showed that the cassettes carried the promoterless genes, encoding formiminoglutamate deiminase, hydrolase that takes part in histidine metabolism [21] , and ascorbate-specific phosphotransferase system (PTS) enzyme IIC, inner membrane protein [22] , respectively. Other cassettes were represented with additional three senseless noncoding sequences flanked by a 59-be.
Discussion. Among the genus Serratia species, S. marcescens is an important bacterium reported to promote growth of agronomically valuable plants [23] . On the other hand, it is known as opportunistic human pathogen which colonizes medical instruments due to a biofilm formation and spread in clinical wards.
The isolated from onion pathogenic bacterium S. marcescens IMBG291 exhibited some peculiarities. First of all, this bacterium demonstrated both phytopathogenic and plant growth promotion activities in the same ecological niche (onion), depending on environmental factors. A reason for the bacterium to become pathogenic for field-grown onions remains unclear yet, but it is not excluded that a pathogenic phenotype was provoked with an elevated season temperature. The pathogenicity process is regulated with the environmental stimuli and probably with mobile genetic elements.
The onion-derived bacterium has got a mobile genetic element, the integron. Integrons and their associated gene cassettes are present in ~10 % of bacteria [24] . Integrons are genetic elements that play a role in the rearrangement of genes via site-specific recombination of the gene cassettes, and the first integrons were discovered as a result of investigations into the phenomenon of multiple antimicrobial agents resistance. variety of bacterial species. The clinical isolates of S. marcescens were shown to harbor integrons on conjugative plasmids [2, 10, 20, 25] . Class 1 integrons are predominant among integrons that carry resistance cassettes. The isolate from onion S. marcescens IMBG291 identified as plasmidless, and the integron is located on the bacterial chromosome or it is an element of a genomic island. The gene cassettes are mobile elements typically composed of promoterless structural gene/s and a recombination site known as a 59-base element or attC site [18, 26] . They form a variable part of integron, and stability of the latter depends on the environmental conditions. The gene cassettes of onion-derived bacterium have been represented in the integron with two promoterless genes and with additional three senseless noncoding sequences flanked by a 59-be. The coding sequences were genes encoding formiminoglutamate deiminase, hydrolase that takes part in histidine metabolism [27] , and the inner membrane protein IIC, enzyme of ascorbate-specific phosphotransferase system. The fact that encoded desintegrating enzyme occurs in the gene cassettes indicates that the onion isolate could has got the additional possibility for better utilization of both carbon and energy sources and accommodation in the environment. This gene, encoding formiminoglutamate deiminase, has also annotated in Serratia proteamaculans CP000826.1 genome [28] . The enzyme IIC functions with other transferases to allow phosphoryl transfer from HPr(his-P) to L-ascorbate via the PTS [41] . If synthesis of the carbapenem is dependent on ascorbate, the enzyme IIC may participate in synthesis of antibiotics, and so far to bring the advantage for the bacterium in the particular econiche. The PTS enzyme IIC also annotated in S. proteamaculans, Lactobacillus plantarum WCFS1 in 13 th genomic island (GI); Geobacillus kaustophilus HTA426 -in 19 th GI, and in Bacillus clausii KSM-K16 [29] . The noncoding cassettes had no significant BLASTN hits and had not been reported before. Noncoding cassettes were reported in vibrios and pseudomonads earlier [30, 31] , but the details of their structures were not analyzed. We conclude that the isolate exhibited polybiotrophy because of acquired new gene cassettes located in integron which provided the additional possibility for utilization of wider spectrum of both carbon and energy sources and so far adaptation to a specific lifestyle. 
